Abstract. For the complex recognition of signals in the aeronautical communication, the recognition of the star-type MQAM signals is studied under the aeronautical channel. The different scenarios of the aeronautical channel are analyzed and the reasonable channel model is established. The high order cumulant recognition algorithm which applies to the aeronautical channel is proposed, the invariant classification characteristics of modulation signals are constructed by this algorithm, and this algorithm is improved by using the receive diversity technique. Simulation results show that this algorithm significantly improves the correct recognition rate of the received signals has the good anti-fading and anti-noise performance and meets the requirements of the modulation recognition of MQAM signals under the aeronautical channel.
Introduction
The modulation recognition of communication signals is the process in which the modulation type of signals is correctly decided and some modulation parameters are estimated in the case of the unknown modulation information or the given information. These methods are generally divided into two categories: the first category is the maximum likelihood method based on hypothesis tests while the second is the pattern recognition method based on feature extraction [1, 2] .
The MQAM signal is an important modulation method and is widely used in modern digital communication system; therefore the research of its recognition is of important significance. In [3, 4] , the high order cumulant algorithm is used to recognize the MQAM signals. In addition, the MIMO system pointed out a new direction for the modulation recognition researches [5] . [6] which used cumulant characteristics of signals to recognize MQAM signals in the MIMO system.
The modulation recognition of signals is studied under aeronautical channel whose band is the ultra-short wave band. The aeronautical channel is a special class of time-varying channel with different characteristics under different motion states of the aircraft. The following scenarios are analyzed: taxi scenario, takeoff and arrival scenario and en-route scenarios [7] . Assuming that the fading channel has been estimated and compensated, with receive diversity technique, the star-type MQAM signals are recognized by using the high order cumulant algorithm.
Aeronautical Channel Model
The different conditions of an aircraft lead to different channel scenarios during flight. These scenarios are determined by the type of fade, the Doppler and delay power spectra. In general, several scenarios are as follows: en-route scenario, taxi scenario, takeoff and arrival scenario etc. The channel of these scenarios consists of a LOS path and some scattered paths. Assuming that the lowest angle and the highest angle of arrival of antenna beams are expressed by α L and α H respectively, the beamwidth [7] is defined asα α α = − b H L . The different beamwidths lead to the different forms of the Doppler power spectrum [10] . The different directions of the LOS path result in the different Doppler frequency shifts [7] . 
(2) where ( ) h k is shown in (1), since the ( ) h k value is the complex value, so expression (1) can be Referring the definition of the fourth-order cumulate [3] , the cumulant values of the signal ( )
are gotten and shown in Table 1 . [ ] 
For the different star-type MQAM signals, the invariant classification characteristic vectors are given by. [1, 1] 2QAM
The fourth-order cumulant value of Gaussian noise is zero, and noise and signal are mutually independent, the following expressions can be obtained according to the cumulant properties [7] .
[ ] 
The classification characteristic vector is constructed again based on (3) and (4) 
In (7) (8) From (6) and (8) The decision criterion of the star-type MQAM signals' recognition is referred in [8] .
B. Receive Diversity Technique
Diversity is an important technique, which can compensate the fading channel and improve the quality of the received signal, so it is used to process the received signal. In order to recognize star-type MQAM signals well, the channel is estimated and compensated, then, signals are received by using the receive diversity technique.
For a multiple-input multiple-output (MIMO) system, assuming that there are M transmitting antennas and N receiving antennas in the system. The received signals are given by [6] : 
, ρ is the signal-to-noise ratio. 
TakeX as the final received signalˆ= Y X , thenŶ is recognized.
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Simulation and Results Analysis
The parameter values of every aeronautical scenario are listed in In addition, let the carrier frequency be 200MHz, symbol period be (b) en-route(air-air) scenario modulation recognition performance curve Figure 1 The modulation recognition performance curve of MQAM signals in aeronautical channel when N=1 Figure 1 and the simulation figures of taxi and takeoff and arrival scenarios show that the recognition performance of en-route scenario is better than that of taxi and takeoff and arrival scenarios. In addition, the channel compensation can reduce the channel fade, however, the recognition performance of taxi scenario is still poor due to multipath fade, Doppler frequency shift and Rice factor, and it is very difficult to achieve 100% correct recognition rate at 20dB. Because 8QAM and 16QAM signals are sensitive to the channel fade and signal-to-noise ratio, so their recognition performance is poorer than that of 2QAM and 4QAM signals, and their recognition rate will be even lower in the case of small Rice factor.
(2) Based on scheme 2, the simulation results of en-route (air-air) and en-route (ground-air) scenarios are shown in At the receiver, the receive diversity technique and the method of the maximum ratio combining are used to process the received signals. The simulation results show that the quality of received signals has been effectively improved, multipath fade and Doppler frequency shift are compensated better, the correct recognition rate of the four types of signals has been significantly improved under every scenario, especially taxi scenario and 8QAM and 16QAM signals that are sensitive to the channel fade and signal-to-noise ratio. In addition, the recognition rate of signals is higher at the negative SNR, the completely correct recognition is achieved when SNR reaches 5dB. In short, the quality and the correct recognition rate of the received signal have been effectively improved by using the receive diversity technique at the receiver, which is able to meet the requirements of the modulation recognition of MQAM signals under the aeronautical channels.
Conclusion
The recognition of the star-type MQAM signals is studied under the aeronautical channel. The different scenarios of this channel are analyzed and a reasonable channel model is established. The receive diversity technique is used to process the received signal before the recognition, which can reduce the channel fade and Doppler frequency shift and improve the quality of the received signal. Finally, the high order cumulant recognition algorithm is used to construct the invariant classification characteristic of modulation signals and the star-type MQAM signals are recognized correctly. The simulation results show that this algorithm has the good anti-noise performance, and then the receive diversity technique is used in this process, which not only can improve the quality of the received signals, but also significantly improve the recognition rate of signals. This method can achieve the recognition of signals under the aeronautical channels.
